Tonic activation of locus coeruleus neurons by systemic or intracoerulear microinjection of an irreversible acetylcholinesterase inhibitor: increased discharge rate and induction of C-fos.
Recent studies in this laboratory have demonstrated that intramuscular injection of the irreversible acetylcholinesterase (AChE) inhibitor, soman (pinacolylmethylphosphonofluoridate), produces a rapid (1-2 h) and profound depletion (70% of control) of norepinephrine (NE) in the olfactory bulb and forebrain. NE is decreased only in convulsing animals. As NE-containing locus coeruleus (LC) neurons provide the only NE input to the olfactory bulb and the major NE innervation of the forebrain, the reduction of NE suggests that soman may cause tonic activation of LC neurons leading to rapid depletion of NE. Activation of LC may result from: (i) facilitation of cholinergic transmission in LC; (ii) soman-induced activation of excitatory inputs to LC; or (iii) generalized activation of LC neurons due to seizures. The present experiments were designed to assess these alternatives. We examined whether LC neuronal activity, c-fos expression, and AChE staining are altered after peripheral (systemic) or direct intracoerulear injection of soman in anesthetized rats. Both modes of soman administration rapidly and potently increase the spontaneous discharge rate of LC neurons. This activation was associated with a desynchronization of the electroencephalogram, but not with seizures. The discharge of LC neurons remained elevated at all postsoman intervals examined (up to 2 h) and was rapidly and completely reversed by systemic injection of the muscarinic receptor antagonist scopolamine hydrochloride, but not by the nicotinic receptor antagonist mecamylamine. Both systemic and intracoerulear soman administration completely inhibited AChE staining in LC and rapidly induced the expression of c-fos in LC neurons. These results demonstrate that soman potently and tonically activates LC neurons. This effect appears to be mediated by direct inhibition of AChE in LC leading to a rapid accumulation of ACh. Unhydrolyzed ACh tonically activates LC neurons via muscarinic receptors. Soman-induced activation of LC neurons does not require seizures. We conclude that depletion of forebrain and olfactory bulb NE after systemic administration of soman results from tonic hypercholinergic stimulation of LC.